Collisionless and Weakly-collisional Turbulence of the Slab Ion Temperature Gradient Driven Mode by T.-H. Watanabe & H. Sugama
§3. Collisionless and Weakly-collisional 
Turbulence of the Slab Ion Temperature 
Gradient Driven Mode 
Watanabe, T.-H., Sugama, H. 
Existence of the quasi-steady state in the colli-
sionless ITG turbulence, where high-order moments 
of the perturbed distribution function 81 continue 
to grow but the low-oder ones reach steady values 
[1] , has recently been confirmed by means of a di-
rect (so-called Vlasov) numerical simulation (DNS) 
of the gyrokinetic equation averaged in the perpen-
dicular velocity space [2]. The phase mixing gener-
ates fine-scale fluctuations of 81 and leads to con-
tinuous growth of the high-order moments which 
balances with the transport flux. Thus, a square 
integral of 81, such as 88 = (J d3v812 /2FM), mono-
tonically increases in the quasi-steady state. Here, 
FM denotes the Maxwellian. In presence of a finite 
collision, however, the system may relax to a real 
steady state where the high-order moments satu-
rate as well, even if the collision frequency v is much 
lower than characteristic ones of the turbulence. We 
have examined the weakly-collisional slab ITG tur-
bulence by using our DNS code with the Lenard-
Bernstein collision model, and compared the results 
with those of the collisionless simulation. 
Time-evolutions of 88 are plotted in Fig.1 for 
the collisionless and weakly-collisional cases. The 
monotonical increase of 88 is observed in the col-
lisionless simulation of the ITG turbulence where 
the potential energy Wand the ion heat flux Qi 
fluctuate around constant levels (not shown). On 
the other hand, in presence of the finite collision, 
the growth of 88 saturates in the turbulence as well 
as low order moments, such as Wand Qi. Thus, 
the collisional dissipation D = (J d3v8IC(81)/FM ) 
(where C denotes the collision operator) sustains 
the mean transport, that is, 'TJiQi ~ -D, which 
means the real statistically steady state where not 
only the low-order moments of 8 f but also 81 itself 
are statistically steady. 
Figure 2 shows velocity-space spectra G (l) of 8 f 
defined by G(l) == 2v~ l:k Ifk(l)1 2 /,rr, where Vm and 
l denote the maximum velocity treated in the simu-
lations and the velocity space wave number, respec-
tively. Ik(l) is the Fourier component of fk(VII). In 
the collisionless case, G(l) has a peaked profile in a 
low-l side, which is related to the linear eigenfunc-
tion [2] , followed by a long tail in a high-l region. 
The low-l profile of G(l) is preserved through the 
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linear growth and the nonlinear phases, while the 
tail of G(l) continues to expand as the phase mix-
ing proceeds after saturation of the linear growth. 
The expansion of G(l) into the high-l side, namely, 
the continuous generation of the fine-scale fluctua-
tions of 81 in the velocity space, is responsible for 
the monotonical increase of 88 [2]. In the weakly-
collisional cases, one obtains steady profiles of G(l) 
which coincide to the collisionless one in the low-l 
region, while longer tails are found in the high-l side 
for smaller values of v. This fact is consistent with 
the conjecture of "flux determines dissipation" by 
Krommes and Hu [3]. 
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Figure 1: Time-evolutions of 88 for the collisionless 
and weakly-collisional cases. 
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Figure 2: Velocity-space spectra of 81 for the colli-
sionless and weakly-collisional cases. 
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